University of South Florida

Digital Commons @ University of South Florida
Tropical Ecology Collection (Monteverde
Institute)

Monteverde Institute

September 2002

Heterogeneity of Lycopodium clavatum patches and the
distribution and herbivory strategy of Notodontid moth larvae and
their Ichneumonid parasites
Brad J. Oberle

Follow this and additional works at: https://digitalcommons.usf.edu/tropical_ecology

Recommended Citation
Oberle, Brad J., "Heterogeneity of Lycopodium clavatum patches and the distribution and herbivory
strategy of Notodontid moth larvae and their Ichneumonid parasites" (2002). Tropical Ecology Collection
(Monteverde Institute). 486.
https://digitalcommons.usf.edu/tropical_ecology/486

This Text is brought to you for free and open access by the Monteverde Institute at Digital Commons @ University
of South Florida. It has been accepted for inclusion in Tropical Ecology Collection (Monteverde Institute) by an
authorized administrator of Digital Commons @ University of South Florida. For more information, please contact
scholarcommons@usf.edu.

Heterogeneity of Lycopodium clavatum patches
and the distribution and herbivory strategy of
Notodontid moth larvae and their Ichneumonid
parasites
Brad J. Oberle
Department of Biology, Kenyon College
_____________________________________________________________________________________

Abstract
In this study, a novel system in which a notodontid moth larva (Family Notodontidae) uses Lycopodium
clavatum (Family Lycopodiaceae), a cosmopotlitainly distributed clubmoss, as a hostplant. The larva and
itself is host to no fewer than three parasitoid wasp species, including two ectoparasites, one of which is
from the Ichneumonid genus Netelia. Distribution of larvae and damage to reproductive structures by
larvae within the L. clavatum population are explained in terms of potential resource preference by the
larvae. Larvae do not exhibit any measurable preference for reproductive structures with a given number
of stobili, a character known to be associated with different cytotypes of this highly variable plant species.
The findings indicate that distribution of larvae and their patterns of herbivory must be explained either
using other characters of the host plant, or are due to other factors such as oviposition behavior of parent
moths and parasitoids.

Resumen
En este papel se describe un sistema nuevo donde la larva de una polilla de la familia Notodontidae no
identificada utiliza Lycopodium clavatum, (Familia Lycopodiaceae), un licopodio que se encuentra por
todo el mundo, como planta-anfitrion. La larva propia es anfitrión para tres especies de avispas
parasíticas, incluyendo una del género Netelia (Familia Ichneumonidae). La distribución de las larvas y su
daño a las estructuras reproductoras de L. clavatum se explica cómo preferencia de las larvas para
recursos. Las larvas no prefieren las estructuras reproductoras con numéros de estróbilos diferentes, un
carácter que se relaciona con variedades diferentes de esta planta variablisima. Los datos presentados
indican que la distribución de las larvas y su herbívoro necesitan otra explicación, como otros caracteres
de la planta o el comportamiento de las polillas adultas y los parásitos.

Introduction
Lycopodium clavatum (Linnaeus 1753) (Lycopodiaceae), is a well-known member of the plant división
Lycophyta. The plant’s prostrate, sprawling stems, spirally-ranked, hair-tipped leaves and clustered,
upright strobili can be found throughout the world. The broad distribution of the species is an exception
among the extant members of the division (Mickel and Beitel 1988). Most of the extant 1,100 species of
Lycopodophyes are restricted to the tropics and in Costa Rica, 2/3rds of species are epiphytic (Janzen,

1983). Of these, none are known to serve as host plants to Lepidopteran larvae (Janzen, 1983). This may
be due to low abundance and high levels of chemical defense (Janzen, 1983).
Trends within the plant family suggest that L. clavatum may have traits that would be found unpalatable
by most herbivores. Surprizingly, a population of L. clavatum was discovered to be the host plat to an
unidentified moth larva from the family Notodontidae. The larvae exhibit crypsis to the L. clavatum
strobilus and were only found in and around patches of its L. clavatum, suggesting that they are not a
mere interlopers. The caterpillar, in turn, is host to several unidentified species of parasitoid wasps. One
species is an ectoparasitoid in the genus Netelia (Family Ichneumonidae) (Kenji, personal
communication).
The occurrence of a larvae using this plant as host begs examination of the herbivory strategy
employed. Specifically, how do characteristics of the host plant affect distribution of the larvae and the
incidence of parasitism? The solutions to these questions are particularly important when considering
aspects of the population dynamics of L. clavatum.
In two parts of the range, studies have indicated L. clavatum exhibits a high degree of genetic
heterogeneity. Studies of populations in the Japanese archipelago identified three sympatric cytotypes
based on chromosomal characters (Takamiya and Tanaka 1982). The genetic races identified were linked
to many reproductive characters, including number of strobili per peduncle. The second major line of
evidence comes from Central America, where at least two distinct reproductive habits have been
described (Mickel and Beitel 1988). One variety bears 2-4 strobili on long penduncles (9-16cm) while in
the other, which occurs at higher elevations, has one strobilus on a short peduncle (4cm) (Wagner 1980).
In Costa Rica, Wagner (1980) described the latter as a hybrid with the related paramo species, L.
contiguum. The larva-supporting population appears to be more similar to the former, although pleminary
exanination of the range of strobili shows plants exhibit from two to as many as eleven strobili on an
individual peduncle.
These lines of evidence suggest a complex population dynamic that may result in considerably
diverged plants occurring together on a small spatial scale. These different genetic races have been
described to exhibit consistent differences in reproductive morphology. Without actual genetic markers,
the number of strobili per peduncle is the best available indirect morphological indicator of genetic
background. When considering the prevalence of chemical defenses in Lycophytes, it is reasonable to
hypothesize that different races in an area might be differentially palatable the Notodontid larva.
Supported lepidopteran larvae often prefer different host plant individuals (Posada and Saldarriaga, 1992).
Because number of strobili earmarks genetic distinction, peduncles with the same number of strobili
would be more likely candidates to have similar platabilities, assuming a genetic basis for differential
palatability.
Understanding the potential for differential palatability, a perspective on the feeding behavior
may reveal larval preference for certain plants that exhibit certain reproductive structures. Namely, the
damage due to herbivory by larvae in this system can be reduced to two main categories: intensity of
damage and distribution of damage. Lepidopteran larvae have been shown to adjust intensity of damage
by changing their behavior based on qualities of the host plant (Mauricio and Bowers 1990). In the case
of L. clavatum and its population dynamic, considering the distribution and intensity of damage as
indicators of palatability required sensitivity to multiple scales.
At the scale of the peduncle, where the individual larva operates, intensity of damage can be
though of as the area of strobilus missing and distribution of damage can be thought of as the number of
strobili that are damaged. Because the larva is dealing with the reproductive structure of a single plant, the
absolute number of strobili per penduncle is appropriate when evaluating the preference for that plant.
When examining distribution and herbivory within the patch, the scale at which a group of larvae
operate, intensity of herbivory can be considered the mean damage per peduncle and distribution the
proportion of peduncles damaged. At this scale, a group of larvae is interacting with a group of
reproductive structures, which, given the growth habit of the plant, may represent genetically distinct
individuals. In order to conserve the notion that the plants’ genetic history may determine feeding

behavior requires a shift from the absolute number to a population mean that represents the predominant
type and a population variance which represents the heterogeneity within the patch.
Based on this system of scales, if a larva encounters a reproductive structure that is distasteful it
would be expected to decrease the intensity of damage – perhaps tasting only a tip—and increase the
distribution of its damage in the search for a palatable strobilus (Mauricio and Bowers 1990). If a
peduncle with a certain rank of strobili were less palatable it would be expected to have a lower total
damage and have more diffuse damage. Increasing the scale to that of the patch, regions that are
composed of less palatable plants would be expected to have a lower total damage per reproductive
structure and a lower incidence of larvae.
The same patterns that affect the feeding behavior of larvae may affect the incidence of
parasitism.

Materials and Methods
A: Study Site and sampling method
Patches of L. clavatum with signs of damage occupied gaps in regenerating lower montane wet
forest between 1640m and 1690m elevation on the western slope of Cerro Chomogo in the Cordillera
Tilarán, Monteverde, Puntarenas, Costa Rica. A total of six patches were found –A,B, C, D, E and G.
Four patches, B, A, C and G grew along the same east-west ridge through an altitudinal gradient, B being
the lowest and G the highest, near the elfin forest border. The remaining two occurred at approximately
the same elevation on a perpendicular ridge. All patches were mapped with compass and tape, excluding
areas with lower than 70% L. clavatum ground cover or areas without reproductive structures, for total
patch area. The patches examined varied in area, shape and surroundings (Table 1). The largest patch, A,
was 15 times larger than the smallest, Patch G.
In each patch, 10% of the total area was selected using a 0.5 x 0.5m sampling quadrant placed at
regular intervals. In order to reduce damage due to trampling, the pattern used for the three largest plots,
which had more remote interior regions, was more diffuse and used adjacent 0.25 m2 samples, with
placement of the second rotating around the first at every sample site.
B: Patterns in reproductive morphology
At each plot, two measurements of strobilus number per peduncle were taken as indicators of
genetic composition. Each number was taken to represent a single individual. Means for plots were taken
to represent the most common individual and variance, the heterogeneity in the population.
Two samples for number of strobili per peduncle were taken: one from the damaged peduncles
and one from non-damaged peduncles. Damaged peduncles were defined as any peduncle exhibiting
obvious signs of herbivory to one or more of its strobili. The strobilus count for damaged peduncles was
taken from the 10 most severly damaged reproductive structures in each plot. The strobilus count for nondamaged peduncles – those with only intact strobili—was taken from the 3 most mature non-dehiscent
peduncles in the plot. In addition to scoring the number of strobili, the width of each strobilus was
measured as another selectively relevant and genetically conserved aspect of reproductive morphology
(Mickel and Beitel, 1988).
Prevalence of a certain rank peduncle—a peduncle with a specific number of strobili – were
compared within patches and between patches using Analyses of Variance (ANOVA’s). The difference in
peduncle rank between damaged and undamaged peduncles were examined with 2-way Analyses of
Variance.
C. Patterns in herbivory
Patterns of herbivory were based on measures of the damage to peduncles. At the most basic
level, a census of damaged and undamaged peduncles was taken at each plot. To more narrowly resolve
the intensity of herbivory, the relative amount of missing strobilus was estimated for the 10 most severely

damaged peduncles—the same used in the number survey. Because strobili were observed to continue
growing vertically after sustaining apical damage from larval herbivory, time since herbivory could not be
determined in the field. Without a way to scale for post-damage growth, the intensity of herbivory was
measured relative to an intact strobilus—full unit of reproductive structure-on the same peduncle
regardless of peduncle size. Each damaged strobilus was characterized as missing either a tip (>10%) or
half (approximately 50%) relative to other intact strobili on the peduncle, or missing entirely (100%).
Peduncles without an intact strobilus were scored by comparing the proportions of remaining strobilus to
intact strobili of peduncles of approximately the same structure within the plot.
Subsequent observations of feeding behavior in both the laboratory and the field validated this
measurement technique: with plentiful plant material, larvae were only observed to feed from the
strobilus apex to its base and would not return to a strobilus once it had been damaged. However, this
sampling technique assesses only herbivory on reproductive structures, ignoring damage to vegetative
structures, which could not be reliably scored in the field.
Two factors were evaluated as representations of the distribution of herbivory—the percentage of
damaged to intact peduncles in a plot and the average percentage of strobilus damaged. Both measures for
distribution of herbivory were compared between plots and patches with ANOVA. The relationship
between the percentage of strobili damaged and the average peduncle rank in plots and patches was
evaluated with simple linear regressions. The relationship between average percentage of strobilus
damaged and peduncle rank was evaluated with ANOVA, using each strobilus rank (1-8) as a distinct
category.
Peduncles on which only one strobilus tip had been damaged—a possible tasting behavior—were
specially considered. The difference in mean rank of tasted peduncles to other, more heavily-damaged
peduncles was assessed with a paired t-test.
Total peduncle damage—the number of missing reproductive units—was evaluated as the
primary measure of herbivory intensity. In addition, a second measure of the intensity of herbivory, total
reproductive damage was defined as the product of the percentage of damaged peduncles per plot and the
mean total damage. This measure was taken to represent the total reproductive resource stress by a larval
population in a given area. The same tests used to evaluate average percentage of strobilus damaged were
used to examine differences in total peduncle and reproductive damage between patches and plots and
their degrees of dependence on peduncle rank.
D: Distribution and biology of Notodontid larvae and their parasitoids
At each plot, any larvae found within the sampling area were noted, examined for parasitoids,
measured and collected. Having collected larvae within the plot adjacent areas were inspected and larvae
collected in the same manner. From these collections, the incidence of larvae and their parasitoids were
tabulated by patch. Comparisons of vegetative characters and herbivory between plots where larvae were
collected and plots where larvae were not collected (based only on the population derived from sampling)
were made with 2 way ANOVA.
The captive population of larvae was maintained in the laboratory in 20x20 centimeter plastic
Ziploc bags strung vertically, out of direct sunlight. Bags were cleaned and food replaced with L.
clavatum material from the host patch every 3-5 days. During this period various feeding behaviors and
basic life processes, such as pupation and molting, were directly observed and noted. Any molts found
within the bags were collected and measured.
Also during this period, major patterns in the development of the ectoparasitoids were observed.
In the field, larvae that bore Netelia egg cases—by far the most prevalent observation of parasitoidism –
were measured. The differences between the length of unparasitized and parasitized larvae were examined
by an unpaired t-test.
E. Laboratory experiments for feeding preference.
Six recently collected larvae from patches A and E were weighed and placed into a clean plastic
bag along with two young peduncles (collective weight 1.5-2.5 grams) and vegetative material (collective

weight 0.25-0.75 grams) from both the patch or region within a patch from which it had been collected
and a separate patch or region within the same patch which appeared to exhibit different rates of
parasitism or herbivory.
In treatment one, larvae from the central region of plot E that exhibited very low rates of
parasitism based on preliminary observation were offered vegetation from a restricted area which
exhibited much higher rates of parasitism. Treatment 2 larvae were offered vegetation from plot A, whose
caterpillars appeared to support an intermediate rate of parasitism. Treatment 3 consisted of high
parasitism plot E larvae offered low parasitism vegetation. Treatments 4 and 5 consisted of plot A larvae
offered vegetation from the plots high and low parasitism plots from patch E. All experimental treatments
included two control bags without larvae. In addition to feeding preference experiments, 4 larvae from
plots C, D and E were given only food from their respective patches. After 4 days bag contents were
removed and remeasure. Differences between treatments were examined by Analysis of Variance.
All statistical tests were computed with stat-view v. 5.0.1 (PowerPC edition).

Results
B: Patterns in reproductive morphology.
The mean total number of peduncles per sampling plot was 21 +/- 4.5 and ranged from 0 to 65—
both extremes being relatively uncommon. Plots with 0 peduncles were excluded from analysis. The
peduncle rank ranged from 2 to 11. The highest ranked peduncles (9, 10, 11) were very uncommon in the
entire population: only 3 rank 9 peduncles, 1 rank 10 and 1 rank 11. These peduncles were excluded to
normalize data.
The population exhibited heterogeneity in both width and mean peduncle rank, both between and
within patches (Figure 1). Significant differences were found in width of undamaged strobili between
patches (ANOVA N (A-G) = 499, 60 392, 168, 461, 75, F = 80.628, P< 0.001). The Fisher PSLD post
hoc test shows that all pairwise groupings except C-D differ significantly (P (C-D) = 0.213). Examining
heterogeneity in width within each patch at the finest scale available – individual sampling plot – plots
within each patch differed significantly (ANOVAs; Patch A: 46 N’s = 4-13 F = 3.887, P < 0.001; Patch
B: 16 Ns = 3-10 F = 8.108, P < 0.001; Patch C: 31 N’s = 3-18, F = 5.555, P < 0.001; Patch C: 24 N’s = 411, F = 10.867, P< 0.001; Patch E: 32 N’s = 8-19, F = 13.792, P< 0.001; Patch G: 9 N’s = 4-15, F =
5.478). Examining the degree of integration implied by the proportion of significant pairwise comparisons
as tested by the Fisher PSLD post hoc test, patch E exhibited the highest proportion of significant
pairwise comparisons between plots, 61.3%, and patch A, the lowest 29.76%, being only slightly lower
than patch G, 30.56%. Patch C-D and Patch B were intermediate, 40.5% and 48.89% respectively.
The number of strobili per undamaged peduncle differs significantly between patches (ANOVA
N’s = 353, 21, 178, 71, 234, 17, F = 21.175, P < 0.0001). According to the Fisher PSLD post hoc test,
plot A does not differ significantly from plot B, plot C differs from all other plots excluding G and plots
D, E and G are statistically equivalent (Figure 2). The trend in differences between patches for number of
strobili as determined from damaged strobili differs slightly (Figure 2). While patches also differ
significantly by damaged strobili (ANOVA N’s (A-G) = 124, 18, 81, 34, 94, 16, F = 22.309, P < 0.0001)
most of this difference in variability is due to large differences between patches A, B and the remaining
patches (Fisher PSLD post hoc test P’s (A, (B,C,D,E,G) = 0.003, < 0.0001, < 0.0001, < 0.0001, = 0.03;
(B, (C, D, E, G) < 0.0001, < 0.0001, < 0.0001, = 0.0001). The number of strobili of undamaged peduncles
of plots C, D, E and G are statistically equivalent (Fisher PSLD post hoc test (C (D, E, G) 0.950, 0.765,
0.132 (D (E, G) = 0.772, = 0.188, (E, G) = 0.091).
Across patches, the number of strobili on damaged peduncles is significantly lower (Figure 2, 2
way ANOVA, F = 8.288, P = 0.0041). The greatest difference occurs in patch C, where approximately
two out of three damaged peduncles have one fewer strobilus than the average undamaged peduncle. In

Plots A and E, approximately 1 out of 2 damaged peduncles have one fewer strobilus than the average
undamaged peduncle. In plots B, D and G the difference is marginal.
C. Patterns in herbivory
Total reproductive damage in plots controlled for area strongly correlated with patch size (Simple
regression R2 = 0.905, P = 0.0035) and differed significantly between patches (ANOVA n’s = 45, 17, 31,
32, 9 F = 5.798, P < 0.0001). The differences between patches resulted only from differences between the
three largest and the three smallest patches – not within these groups (Figure 5: ANOVA Patches A, C
and E (Large) P = 0.599, ANOVA Patches B, D and G (small), P = 0.871; Two sample T-test large vs
small N (small) = 50, N (large) = 108, F = 28.114, P < 0.0001). The three largest patches lost 3.58 times
more units of strobilus to herbivory than smaller patches.
Of the two factors that determine total reproductive damage, percent peduncle damage within the
plot correlates positively with patch size (simple regression R2 = 0.646, P = 0.01) but total damage per
peduncle does not (simple regression R2 = 0.091, P = 0.0037).
Average total damage per strobilus varied significantly between patches (ANOVA N’s = 3.53,
21, 178, 71, 234, 17, F = 4.062, P = 0.0012) but neither number of strobili on a peduncle, its mean in a
plot, or in a patch explain much of the variability. Number of strobili per peduncle explained very little of
the variability in total damage (R2 = 0.003 P < 0.0001). Across plots, mean number of peduncles per plot
explained little of the variance in percent of peduncles per plot damaged (peduncles per plot damaged =
.443 -. 036* number of strobili R2 = 0.049 P = 0.009). Across the entire population number of strobili per
peduncle did not explain the variance in total damage (ANOVA (2-8 ranked peduncles) N = 28, 211, 353,
152, 60, 19, 9 F = 1.712, P = 0.1152) Peduncles with 5 strobili sustained significantly lower damage than
peduncles with 2, 3 or 6 strobili (Fisher PSLD post hoc test (P (2,5) = 0.047, P (3, 5) = 0.009, P (6, 5) =
0.036).
At the level of the patch, in only A did peduncles with different numbers of strobili differ in total
amount of herbivory sustained and in the number of strobili damaged per peduncle (Figure 3, ANOVA N
(rank 2-6) 27, 108, 170, 37, 10: F = 3.25, P = 0.012). In that patch, peduncles with two or three strobili
sustained the greatest amount of damage concentrated on the fewest number of strobili, losing slightly
more than a whole strobilus. Peduncles with 4 or 5 strobili lost approximately ¾ of a strobilus unit
distributed across two strobili, and peduncles with 6 strobili sustained only superficial damage (2/10s of a
strobilus unit) distributed across 3 strobili—a pattern equivalent to tasting. In the entire population, the
rank of peduncles for which only one strobilus tip was damaged—tasted—did not differ from the rank of
peduncles which received more damage (2 way ANOVA, F = 1.02 P = 0.38).
D: Distribution and biology of Notodontid larvae and their parasitoids
The largest number of larvae collected in only sample plots and outside sample plots, was
collected in the largest patch (Table 2). Plots where larvae were collected showed significantly greater
total reproductive damage (mean total damage per peduncle x mean peduncles damaged per plot) than
plots where no larvae were found. (Two sample t-test N (Larva) = 39, (No larvae) = 93, F = 18.743, P <
0.0001). Plots where larvae were found had an average reproductive damage of 12 strobili missing per
patch – twice the total reproductive damage of plots where larvae were not encountered. No larvae were
found in plots with fewer than 3 reproductive structures damaged per plot. The average peduncle rank in
plots where larvae were found did not differ from that of plots where no larvae were found. (2-sample ttest P = 0.92). Across patches larvae with egg cases were longer than larvae without (Two sample t-test, t
= 7.14 P = 0.003).
Rates of parasitism cannot be reliably determined due to a small sample size, but based on all
larvae collected, the proportion of larvae with parasitoid egg cases in patch D (44%) was larger than the
proportion found in any other patch (Table 2). Larvae from patches C and E had the lowest proportion
with egg cases (22 and 23%). Patch A was intermediate (36%), although the proportion of larvae with egg
cases from the 10% area survey was lower (23%).

The process of pupation was casually observed in the laboratory. General sequence of events
occur as follows. Late-instar larvae, in general, appeared to consume more vegetative material than early
instar larvae. Larvae then construct cocoons of either masticated vegetation, or out of feces (for parasitism
relevant discussion of this behavior see Rheuman et al. 1989). Having created the cocoon, the larva
spends several days nearly immobile before slowly changing color – its head becoming black and body
opaque—before a very rapid pupation.
At this point in the host life-cycle, parasitoids, if present, emerge from their egg cases. After a
few days as a tiny white grub on the surface of the caterpillar, the parasitoid greatly increases its activity
and consumes the entire host—everything except the head in a period of 2-3 days. Having utterly
consumed the caterpillar, the parasitoid begins pupation by creating a dense nest of black silk type
material. Wrapping itself tightly in this material, the parasitoid begins pupation.
This is the sequence for the Netelia parasitoid which most commonly encountered. Of the two
other parasitoids that have been encountered, the gregarious form has only been seen twice, pupating in
clusters in beneath the skin of young caterpillars. The other internal parasite is known from a single
specimen. Its egg cases were white, as opposed to the black egg cases of the more common parasite. After
having emerged, it consumed the caterpillar more slowly and its pupa was not associated with the black
silk. At present pupation takes at least 2 weeks for all organisms considered.
Another interesting aspect of the system include the encounter of a second potential lepidopteran
larvae that uses L. clavatum as a host plant. These individuals exhibit a slightly different coloration
pattern with apparent banding, although still highly cryptic to the strobilus.
E. Laboratory experiments for feeding preference.
The feeding preference experiment shows that larvae from a low parasitism plot in Patch E, a
high parasitism plot in Patch E and larvae from patch A did not discriminate between L. clavatum tissue –
either reproductive or vegetative—collected from the same region in which they were collected over that
collected from an outside patch (Figures 4, 5; 2way ANOVA; Reproductive, origin of material P = 0.012,
vegetative, origin of material P = 0.994). Comparisons between these regions within the patches revealed
no significant difference in number of strobili per peduncle (ANOVA; Patch A, P = 0.67, Patch E, P =
0.13).

Discussion
Although patches and plots differ in mean peduncle rank, the data indicate that this factor does
not affect distribution or feeding behavior of larvae. If larvae at any scale preferred a particular peduncle
rank it would consistently sustain more damage. The total damage per peduncle rank was not statistically
significant in the entire population. In the only patch where peduncle rank did explain variability in total
damage per peduncle, Patch A, the general trend differed from that in the population.
Two findings conflict with this interpretation. First, mean peduncle rank in a plot positively
correlates with total damage. Although the correlation was statistically significant, mean peduncle rank in
a plot did not explain much of the variability in mean damage per peduncle or proportion of peduncles
damaged. The correlation itself would only indicate that higher rank strobili happened to sustain more
damage simply because they had more strobili to damage.
The other conflicting data were found in the comparison of the number of strobili per peduncle on
damaged and undamaged peduncles. This difference could easily result from a basic aspect of the larval
feeding behavior. Larvae prefer young strobili to old strobili. The number of strobili per peduncle would
not be expected to increase over time, but the development of the structures seems to indicate that the
number could change for the youngest damaged peduncles. This effect could reasonably account for the
observed difference.
A possible explanation is that larvae from different patches prefer whatever variety that they are
exposed to and although differences in chemical qualities occur, local adjustments enable larvae to feed

wherever they are. This small scale specialization has been described for ermine moths of the genus
Yponomeutra (Menken 1981). However, captive larvae did not discriminate between material from their
own patch and another patch. This result indicates no discernable specialization at this scale.
Certain aspects of the analysis may confound this interpretation of the system. First, different
varieties of L. clavatum by peduncle rank probably exhibit some variability. If genetic varieties do occur,
the peduncle rank associated with these varieties probably has some range. These ranges may overlap.
Because the tests were run as if a variety were characterized by a single number of peduncles observed
total damage to peduncles of a given rank may be the composite preference for two varieties with
overlapping ranges at that rank. The variability is a major possibility, but peduncles with the fewest and
the most numerous strobili, which would be unlikely to be produced by the same type of individual,
sustained similar rates of herbivory.
Another factor would be that larvae may discriminate between hypothetical varieties but peduncle
rank may be an irrelevant character. Many other parameters of reproductive structure morphology may be
tested—including peduncle length, sporphyll shape and leaf structure. The last of these could be used to
explain the observed behavior of consuming vegetative material in both the field and the lab. Related to
this possible explanation, different varieties simply may not differ in palatability. In general L. clavatum
is less toxic than other plants within its genus (Felgenhauer et al 2000).
Alternative explanations for the distribution of larvae abound. A major factor that could influence
the observed distribution of larvae is the oviposition behavior of their moths. If moths cannot or do not
discriminate between regions in which they lay eggs then the distribution of larvae would likely be a
function of the size of the patch (Huffaker and Gutierez, 1999). A larger patch would be a larger target for
ovipositing moths and there for the density of larvae in larger patches and the damage which they cause,
would be expected to be greater in larger patches. This hypothesis is consistent with the data presented.
Another factor that could dramatically affect the distribution and behavior of larva would be the
activity of their parasitoids. Unfortunately, not enough parasitoids were encountered to study the
relationship between distribution of larvae with parasites and larvae without. Casual observations
indicates that incidence of parasite egg cases on larvae is often clustered. This observation would be
consistent with a density dependent egg-laying behavior (Wang and Keller, 2002). The parasitoid may
search for clusters of larvae and lay multiple eggs. The encounter of multiple late-developmental larvae
depends on their occurring in the same place. If their pressure for the age structure of larvae to be
complex to make more advance larvae more diffuse in the local population that might explain the
discovery of larvae from multiple instars in the same region. On rare occasions, larvae with multiple egg
cases were encountered. Egg placement is usually on the thoracic regions on the lateral or dorsal surface
of the larva. On one occasion an egg case was found on the ventral surface of the larva.
All of these behaviors are consistent with the known general biology of the parasitoid genus
(Kenji, Personal Communication). As ectoparasites, they wait until the onset of pupation, when the
caterpillar is reorganizing its internal structure. This required oviposition, by the parasitoid, on late
developmental larvae. Larvae found with parasites were larger and induced pupation earlier after
collection than parasitoid-free larvae. In fact the first three larvae to begin pupation had parasitoid egg
cases.
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